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(57) The present disclosure provides a method for 
determining the probability of a patient burn under a re- 
turn electrode in a monopolar electrosurgical system 
comprising calculating a heating factor adjacent the re- 
turn electrode utilizing a first algorithm, calculating a 
cooling factor adjacent the return electrode utilizing a 



second algorithm, subtracting the calculated cooling 
factor from the calculated heating factor to obtain a dif- 
ference value, comparing the difference value to a 
threshold value, and adjusting the power dependent on 
the relationship of the difference value to the threshold 
value. 
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Description 

BACKGROUND 
Technical Field 

[0001] This application relates to an apparatus and 
method for determining the probability of patient burn 
during electrosurgery, and more particularly to deter- 
mining the probability of patient burn under a return elec- 
trode in a monopolar electrosurgical system. 



Background of Related Art 

[0002] During electrosurgery, a source or active elec- 
trode delivers energy, such as radio frequency energy, 
to the patient and a return electrode carries the current 
back to the electrosurgical generator. In monopolar 
electrosurgery, the source electrode is typically the 
hand-held instrument placed by the surgeon at the sur- 
gical site and the high current density flow at this elec- 
trode creates the desired surgical effect of cutting or co- 
agulating tissue. The patient return electrode is placed 
at remote site from the source electrode and is typically 
in the form of a pad adhesively adhered to the patient. 
[0003] The return electrode has a large patient con- 
tact surface area to minimize heating at that site since 
the smallerthe surface area, the greaterthe current den- 
sity and the greater the intensity of the heat That is, the 
area of the return electrode that is adhered to the patient 
is important because it is the current density of the elec- 
trical signal that heats the tissue. A larger surface con- 
tact area is desirable to reduce heat intensity. Return 
electrodes are sized based on assumptions of the max- 
imum current seen in surgery and the duty cycle (the 
percentage of time the generator is on) during the pro- 
cedure. The first types of return electrodes were in the 
form of large metal plates covered with conductive jelly. 
Later, adhesive electrodes were developed with a single 
metal foil covered with conductive jelly or conductive ad- 
hesive. However, one problem with these adhesive 
electrodes was that if a portion peeled from the patient, 
the contact area of the electrode with the patient de- 
creased, thereby increasing the current density at the 
adhered portion and in turn increasing the heat applied 
to the tissue. This risked burning the patients in the area 
under the adhered portion of the return electrode if the 
tissue was heated beyond the point where the circula- 
tion could cool the skin. 

[0004] To address this problem, split return electrodes 
and hardware circuits, generically called Return Elec- 
trode Contact Quality Monitors (RECQMs), were devel- 
oped. These split electrodes consist of two separate 
conductive foils. The hardware circuit uses an AC signal 
between the two electrode halves to measure the im- 
pedance therebetween. This impedance measurement 
is indicative of how well the return electrode is adhered 
to the patient since the impedance between the two 



halves is directly related to the area of patient contact. 
That is, if the electrode begins to peel from the patient, 
the impedance increases since the contact area of the 
electrode decreases. Current RECQMs are designed to 
5 sense this change in impedance so that when the per- 
centage increase in impedance exceeds a predeter- 
mined value or the measured impedance exceeds a 
threshold level, the electrosurgical generator is shut 
down to reduce the chances of burning the patient 
10 [0005] Although monitoring circuits in present use are 
effective, they do not take into account the amount of 
time the current is being delivered. As new surgical pro- 
cedures continue to be developed that utilize higher cur- 
rent and higher duty cycles, increased heating of tissue 
15 under the return electrode will occur. It would therefore 
be advantageous to design a monitoring circuit which 
would also factor in the amount of time the current is 
being delivered in determining the probability of a pa- 
tient burn. Based on this probe determination, an alarm 
20 signal can be generated or power supplied from the gen- 
erator can be shut off. 

[0006] U.S. Patent No. 4,657,01 5 discloses a control 
device for cutting off high frequency current during elec- 
trosurgery if the heat buildup in the body tissue exceeds 
25 a predetermined value. In the '01 5 patent, a control elec- 
trode is affixed to the body spaced from the active elec- 
trode and separate from the neutral (return) electrode. 
The control electrode is designed to pick up the voltage 
existing on the body. The voltage signal is squared, in- 
30 tegrated overtime and compared to a reference voltage. 
The high frequency generator is turned off if the voltage 
value exceeds the reference voltage. The '015 patent 
does not effectively measure heating under the return 
electrode since the measurements are calculated by a 
35 separate control electrode. The '1 05 patent even states 
that the effective surface area of the neutral electrode 
is not a factor in the heat calculations. Also, the amount 
of time the energy is being applied is not a factor in the 
heat calculations. Additionally, the '015 patent uses volt- 
40 age measurement to determine overheating of tissue. It 
is currently believed by the inventors of this application 
that current measurement provides a more accurate pa- 
rameter because voltage values actually measure the 
ability to transfer energy through the tissue while current 
45 values measure actual heating of the tissue. 

[0007] U.S. Patent No. 4,741 ,334 discloses a control 
circuit intended to reduce burning of tissue. As in the 
'015 patent, a separate control electrode is provided to 
determine the body voltage. The control electrode is 
50 spaced from the neutral electrode and functions to de- 
tect a high frequency body surface voltage. The body 
surface voltage is converted into dc voltage by a con- 
verter and inputted to a comparator for comparison to a 
reference voltage. The generator is turned off if the body 
55 voltage exceeds the reference voltage. The ^1 5 patent 
also discloses a monitor circuit for testing whether the 
neutral electrode is in good contact with the body sur- 
face of the patient. A comparator compares the body 
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/ } surface voltage detected by the control electrode with a 

f reference voltage derived from the operational voltage 

of the surgical device. An audible signal is produced 
when these voltage values reach a predetermined ratio. 
Similar to the '015 patent, the '334 patent requires an s 
additional electrode, measures voltage instead of cur- 
rent to determine overheating, and does not factor in the 
amount of time the high frequency energy is being ap- 
plied. 

[0008] As noted above, it would be advantageous to 10 
provide a monitoring circuit which effectively determines 
the probability of overheating tissue, i.e. the probability 
of patient bum, by measuring current and factoring in 
the time period of energy delivery of energy. 

75 

Summary 

[0009] The present disclosure provides a method for 
determining the probability of a patient burn under a re- 
turn electrode in a monopolar electrosurgical system 20 
comprising calculating a heating factor adjacent the re- 
turn electrode utilizing a first algorithm, calculating a 
cooling factor adjacent the return electrode utilizing a 
second algorithm, subtracting the calculated cooling 
factor from the calculated heating factor to obtain a dif- 25 
ference value, comparing the difference value to a 
threshold value, and adjusting the power dependent on 
the relationship of the difference value to the threshold 
value. 

[001 0] The step of calculating the cooling factor pref- so 
erably comprises the steps of calculating the off time of 
the output current to obtain an off time value and multi- 
plying the off time value by a first constant indicative the 
body's ability to remove heat. The step of calculating the 
heating factor preferably comprises the steps of multi- 35 
plying the square of the output current by a second con- 
stant indicative of the measured impedance at the return 
electrode, the second constant being representative of 
the adherence of the return electrode to the patient, and 
multiplying the product by the on time value of the out- *o 
put. 

[0011] The method preferably comprises the step of 
generating an alarm if the difference value exceeds the 
threshold value. The step of adjusting the power in- 
cludes the step of shutting off the power if the difference 
value exceeds a second threshold value (a predeter- 
mined value) and reducing the power if the difference 
value is below the second threshold value. 
[0012] The present disclosure also provides a method 
for determining the probability of a patient bum in a mo- so 
nopolar electrosurgical system comprising calculating a 
heating factor adjacent the return electrode utilizing a 
first algorithm, calculating a cooling factor adjacent the 
return electrode utilizing a second algorithm, subtracting 
the calculated cooling factor from the calculated heating 55 
factor to obtain a difference value, comparing the differ- 
ence value to a threshold value, and generating a warn- 
ing signal if the difference value exceeds the predeter- 



mined value. 

[0013] The first algorithm includes multiplying a cur- 
rent value, obtained by squaring the measured output 
current, by a constant indicative of the measured imped- 
ance at the return electrode and by the on time value of 
the output current. The second algorithm includes mul- 
tiplying the off time of the output current by a constant 
indicative by the ability of the body to remove heat. 
[0014] The present disclosure further, provides an 
electrosurgical generator for use in a monopolar elec- 
trosurgical system having an electrosurgical tool for 
treating tissue, a return electrode, and an impedance 
sensor in electrical communication with the return elec- 
trode to measure impedance of the return electrode. 
The electrosurgical generator comprises a current sen- 
sor for measuring the output current delivered by the 
generator and a microprocessor electrically connected 
to the current sensor and the impedance sensor for cal- 
culating the heating factor and cooling factor under the 
return electrode wherein the calculation of the heating 
factor is based at least in part on the measured output 
current. The generator also includes a controller electri- 
cally connected to the microprocessor for adjusting the 
power supply of the generator in response to the rela- 
tionship of the calculated heating and cooling factors. 
The microprocessor includes a first algorithm or calcu- 
lating the heating factor and a second algorithm for cal- 
culating the cooling factor. The first algorithm is defined 
as: 

K h l 2 t on 

wherein K h is the constant related to the contact 
impedance in Ohms of the return electrode, I 2 is the 
square of the output current in milliamps and t on is the 
time in seconds that the output current is delivered. 
The second algorithm is defined as: 

K h t off 

wherein K h is the constant representative of the 
time it takes for the body to cool down in degrees per 
minute and t ofr is the time in seconds that the output cur- 
rent is not being delivered. 

[001 5] The microprocessor also includes an algorithm 
for subtracting the cooling factor from the heating factor 
' to calculate a difference value, and the generator further 
comprises a comparator electrically connected to the 
microprocessor for comparing the difference value to a 
threshold value. The comparator is electrically connect- 
ed to a controller to generate a first signal indicative of 
the relationship of the difference value and the threshold 
value. An alarm is electrically connected to the compa- 
rator for generating a warning signal if the difference val- 
ue exceeds the threshold value by a predetermined 
amount. The controller generates a shut off signal to ter- 
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minate power if the difference value exceeds a prede- 
termined value (the second threshold), the predeter- 
mined value being greater than the threshold value, and 
the controller generates a second signal to reduce the 
power if the difference value exceeds the threshold val- 
ue, but is less than the predetermined value. 

Detailed Description of the Drawings 

[0016] Preferred embodiments of the present disclo- 
sure are described herein with reference to the drawings 
wherein: 

FIG. 1 is a schematic illustration of a monopolar 
electrosurgcial system; 

FIG. 2 is a schematic block diagram of the electro- 
surgical system for determining the probability of 
patient burn; and 

FIG. 3 is a flow diagram showing the steps followed 
for calculating the probability of patient bum and for 
controlling the output current. 

Detailed Description of the Preferred Embodiments 

[0017] Figure 1 is a schematic illustration of a monop- 
olar electrosurgical system. The surgical instrument for 
treating tissue at the surgical site is designated by ref- 
erence numeral 11. Electrosurgical energy is supplied 
to instrument 1 1 by generator 1 0 via cable 1 8 to cut, co- 
agulate, etc. tissue. A return electrode, designated by 
reference numeral 14, is shown placed under the patient 
to return the energy from the patient back to the patient 
via wire 1 2. The return electrode is preferably in the form 
of a split pad which is adhesively attached to the pa- 
tient's skin. 

[0018] The area of the return electrode that adheres 
to the patient is important since it affects the current den- 
sity of the signal that heats the tissue. The smaller the 
contact area of the return electrode with the patient's 
tissue, the greater the current density and the greater 
and more concentrated is the heating of tissue. Con- 
versely, the greater the contact area of the return elec- 
trode, the smaller the current density and the less heat- 
ing of the tissue. Obviously, the greater the heating of 
the tissue, the greater the probability of burning the tis- 
sue. 

[0019] Figure 2 illustrates a conventional return elec- 
trode that is split to enable the impedance to be meas- 
ured between the two halves. The impedance measure- 
ment provides an indication of how well the return elec- 
trode is adhered to the patient since there is a direct 
relationship between the impedance and the area of pa- 
tient contact. If the electrode is partially peeled from the 
patient, the impedance increases. This is because each 
portion, e.g. square centimeter, of the electrode pad that 
touches the patient has a resistance of its own. All of 
these resistances are in parallel, and the resultant 
equivalent resistance is smaller than any of the individ- 



ual elements. If any of these parallel resistances are re- 
moved because of peeling, the equivalent resistance in- 
creases slightly. Return Electrode Contact Quality Mon- 
itors (RECQMs) utilize an AC signal between the two 
s electrode halves to measure impedance between them. 
The diagram of Figure 2 schematically depicts this func- 
tion of the RECQM. 

[0020] If the total current passed through the return 
electrode is increased or the current duty cycle, defined 
10 by the percentage of time the generator is on and the 
current is applied, is increased, heating under the elec- 
trode will increase. 

[0021] The heating factor of the tissue is a measure 
of how much heat is dissipated in the tissue. The follow- 
15 ing equation provides the heating factor: 

2 

Heating Factor = I t on 

20 where I 2 equals the current in milliamps, and t on 

equals the time the RF generator is on in seconds. 
Thus, the heating factor can be defined as the square 
of a given current passed through the return electrode 
attached to a patient multiplied by the time the current 
25 is applied. As is apparent from the equation, if either the 
current is increased or the on time is increased, the 
amount of heat dissipated in the tissue, and thus the 
chances of patient bum, are increased. 
[0022] The foregoing heat factor equation assumes 
30 that the area attached to the patient is unchanged. How- 
ever, as a practical matter, that area can change as a 
portion of the return electrode can become detached 
from the patient. To accommodate for changed surface 
contact area of the return electrode, a constant K h is 
35 added to the equation where K h >= 1 . This can be mod- 
eled by the following equation: 

Heating Factor = K h I 2 t on 

40 

where K h = 1 when the return electrode is fully adhered, 
and K h >l if the return electrode is not fully adhered. 
[0023] Therefore, as is apparent from the equation, if 
the surface contact area of the return electrode decreas- 
es es, since K h will be greater than 1 , the heating factor will 
increase. As the surface area decreases, as explained 
above, the current density increases and the amount of 
heating for a given output current also increases. 
[0024] Another factor affecting dissipation of heat in 
so the tissue is the time period the RF energy is applied. 
The patient's body has the ability to remove heat from 
the area under the return electrode by the blood flow in 
the capillaries, small arteries and small veins. The more 
time between the applications of RF energy, the greater 
55 the heat removal because the body will have more time 
to naturally move the heat. This ability to remove heat 
over a period of time can be modeled by the following 
equation: 
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Cooling factor = K c t off 

where K c is a cooling constant dependent on the 
patient and t off is the time in seconds that the RF energy 
is off. 

[0025] During electrosurgery, the RF generator goes 
on and off many times. The conventional Return Elec- 
trode Contact Quality Monitor (RECQM) determines if 
the return electrode is attached to the patient by meas- 
uring the impedance. However, if a high current or a high 
duty cycle is utilized, a burn can still occur because the 
body may not be able to remove the heat fast enough. 
[0026] The present disclosure not only measures the 
current delivered and the time period the current is de- 
livered, but calculates and compares the heating and 
cooling factors in order to measure the probability of a 
patient burn. 

[0027] More particularly, and with reference to Figure 
2, the electrosurgical generator includes a microproces- 
sor 26, an adjustable power supply 22, such as a high 
voltage supply, for producing RF current, and an RF out- 
put stage 24 electrically connected to the power supply 
22 for generating an output voltage and output current 
for transmission to the instrument 11 . The power supply 
is adjusted by controller 25 dependent on the calculated 
probability of patient bum which is described in detail 
below. 

[0028] The microprocessor 26 has a plurality of input 
ports. One input port is in electrical communication with 
the output current sensor 28 which measures the output 
current of the RF output stage 24 being transmitted to 
the patient. The second input port is electrically connect- 
ed to the current turn on time calculator 30. During the 
surgical procedure, the generator is activated at set or 
varying time intervals, with intermittent shut down time 
intervals to allow the tissue to naturally cool as the pa- 
tient's blood flow dissipates heat. The calculator 30 de- 
termines the amount of the time the current is being sup- 
plied and transmits a signal representative of this calcu- 
lated time to the microprocessor 26. The current turn off 
time calculator 32 sends a signal to the microprocessor 
26 via one of its input ports representative of the time 
the RF output current has been turned off. 
[0029] An algorithm in the microprocessor 26, de- 
scribed in more detail blow, processes the signals from 
the current sensor 28 and the time calculators 30 and 
32 in the calculation of the probability of patient burn. 
The output port of the microprocessor 26 is in electrical 
communication with comparator 34. The calculation of 
microprocessor 26 is compared to threshold values sup- 
plied to or present in the comparator 34, and if these 
values are exceeded, an alarm signal is sent to generate 
an alarm as a warning to the user. If the threshold values* 
are exceeded, the comparator 34 also sends a power 
adjustment signal to the controller 25 which signals the 
power supply 22 to either adjust, e.g. reduce the RF out- 
put current, or shut off the power supply 22 to terminate 



the supply of current, dependent on the amount the 
threshold is exceeded. 

[0030] An impedance sensor 40 forms part of the re- 
turn electrode circuit. The sensor 40 measures the im- 
s pedance between the split pads 41 ,42 of the return elec- 
trode pad 44 to determine the degree of adherence of 
the electrode pad 44. That is, if a portion of the electrode 
pad 44 becomes detached from the patient, the imped- 
ance will increase. The sensor 40 transmits a signal in- 
fo dicative of the measured impedance to an input port of 
the microprocessor 26. The microprocessor algorithm 
factors in the impedance measurement in the manner 
described below. 

[0031] Turning now to Figure 3, the algorithm for cal- 
15 culating the probability of patient burn (hereinafter 
"PPB") and the system for adjusting the RF output cur- 
rent is illustrated in flow diagram. As shown, output of 
the RF current is measured and squared, represented 
by I 2 in milliamps. The time the RF current is being ap- 
plied (t on ), measured in seconds, is multiplied by the 
squared current, the formula being represented by I 2 t on 
to yield a first value. 

[0032] As discussed above, the impedance sensor 40 
measures the impedance at the return electrode which 
is indicative of the degree of adherence of the return 
electrode to the patient to thereby provide an adherence 
constant K h . This adherence constant is multiplied by I 2 
t on to calculate the heating factor. Thus, the heating fac- 
tor is calculated by the algorithm K h l 2 t on wherein K h is 
the adherence constant and K = 1 when the return elec- 
trode is fully adhered to the patient and K>1 if the elec- 
trode is not fully adhered. 

[0033] The cooling factor is calculated by the meas- 
ured time the current is not being applied. More specif- 
ically, the time off in seconds of the output current (t off ) 
is calculated, and multiplied by the cooling constant K c 
to calculate the cooling factor as Kc t off . The cooling con- 
stant K c takes into account that the blood flow in the cap- 
illaries, small arteries and veins of the patient cools the 
tissue overtime. For example, assumingtissue normally 
cools at 1 degree per minute, since there is some vari- 
ation, the cooling constant could be conservatively se- 
lected as 1 /£ degree per minute. Other constants could 
be selected depending on the tissue cooling time. 
[0034] With continued reference to the flow diagram 
of Fig 3, the cooling factor is subtracted from the heating 
factor by the microprocessor to determine a value (a 
"difference value") representative of the probability of 
patient bum. ("PPB"). After this calculation in the micro- 
processor, the microprocessor 26 sends a signal to the 
comparator 34 representative of the difference value 
(see also Fig. 2), where the difference value is com- 
pared to a first threshold value. If the difference value is 
less than or equal to the first threshold value, a signal 
sent to the controller and in turn to the power supply 
maintains the RF output current. That is, if the difference 
value is less than or equal to the threshold value, this 
indicates that the differential between the cooling factor 
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and heating factor is relatively low, indicating a low prob- 
ability of patient burn, and no adjustments need to be 
made. 

[0035] On the other hand, if the difference value ex- 
ceeds the first threshold value, the value is then com- 5 
pared by the comparator 34 to a second threshold (pre- 
determined) value. The second threshold value is preset 
to correspond to the situation where a patient bum is 
highly likely and the RF current through the tissue needs 
to be terminated. If the difference value exceeds the 10 
second threshold value, this indicates that the heating 
factor is too high relative to the cooling factor. The com- 
parator 34 will transmit a second signal to the controller 
25. The controller 25 will process this signal and gener- 
ate a shut off signal to the power supply 22 to shut off 15 
the RF current. This shut off will allow the body time to 
dissipate the heat and cool the tissue. However, if the 
difference value exceeds the first threshold value, but 
does not exceed the second threshold value, this means 
that although the heating factor is relatively high and the 20 
probability of patient bum likely at the current power lev- 
els it is not high enough that a shut down is mandated. 
Instead, the output level needs to be reduced. In this 
circumstance, the comparator 34 will transmit a third sig- 
nal to the controller 25 indicative of the high PPB value. 25 
The controller 25 in turn will transmit a signal to the pow- 
er supply 22 (see Fig. 2) to reduce the output power to 
thereby reduce the output current by a preset amount. 
Thus, the system remains on, but at reduced current lev- 
els, to reduce the heating affect on the tissue. As is ap- 30 
parent, by reducing the current output, the heating factor 
will be reduced since the heating factor is calculated in 
part by the square of the current By reducing the heating 
factor, the differential between the heating factor and 
cooling factor is reduced, thus reducing the value of the 35 
probability of patient burn. The PPB is preferably con- 
tinuously calculated in this manner throughout the sur- 
gical procedure in order to continuously monitor and 
control the heating of tissue. 

[0036] As indicated in Figs 2 and 3, if the probability 40 
of patient burn exceeds the first threshold value an 
alarm signal is sent to alarm 27 to generate an alarm. 
The alarm can be in the form of a visual indicator, and 
audible indicator or both. Additionally, a visual and/or 
audible alarm can be sounded if the PPB exceeds the 45 
second threshold value indicating shut off of the power 
supply. 

In summary, the following formulas explain the respons- 
es to PPB values: 

50 

If first threshold value< difference value and second 
threshold value<difference value, then shut off RF 
output current; 

If first threshold value<difference value<second 
threshold value, then adjust RF current supply; and ss 
If first threshold value>difference value, then main- 
tain RF output current. 



[0037] It is also contemplated that if the difference val- 
ue falls between the first threshold value and the second 
threshold value, ratherthan reducing the power, the duty 
cycle can be reduced. This can be accompanied by an 
audible or visible indicator. The duty cycle reduction 
could also alternately be the first response if the PPB 
exceeds a first threshold followed by a reduction in pow- 
er if the first threshold is further exceeded. 
[0038] Both threshold values are predetermined 
based on the probability of patient burn so the overheat- 
ing of tissue can be timely detected and the electrosur- 
gical generator adjusted accordingly Using current val- 
ues as part of the heating factor calculation is believed 
to increase the of the PPB determination since current 
values are believed to actually cause the heating of the 
tissue. 

[0039] In an alternate embodiment, the method in- 
cludes the additional step of determining the size of the 
return electrode to be utilized, e.g. adult, infant, ne- 
onate, and adjusting the heating and cooling constants 
accordingly. The user could inform the generator of the 
size being used or alternatively the size can be automat- 
ically sensed by the generator based on the differences 
in the return electrode connector. 
[0040] While the above deecription contain many spe- 
cifics, those specifics should not be construed as limi- 
tations on the scope of the disclosure, but merely as ex- 
emplifications of preferred embodiments thereof. These 
skilled in the art will envision many other possible vari- 
ations that are within the scope and spirit of the disclo- 
sure as defined by the claims appended hereto. 



Claims 

1. A method for determining the probability, of a pa- 
tient bum under a return electrode in a monopolar 
electrosurgical system comprising: 

calculating a heating factor adjacent the return 
electrode utilizing a first algorithm; 
calculating a cooling factor adjacent the return 
electrode utilizing a second algorithm; 
subtracting the calculated cooling factor from 
the calculated heating factor to obtain a differ- 
ence value; 

comparing the difference value to a threshold 
value; and 

adjusting the power dependent on the relation- 
sh ip of the difference value to the threshold val- 
ue. 

2. The method of claim 1 , wherein the step of calcu- 
lating the cooling factor comprises the steps of cal- 
culating the off time of the output current to obtain 
an off time value and multiplying the off time value 
by a first constant indicative by the body's ability to 
remove heat. 
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' 3. The method of claim 2, wherein the step of calcu- 
lating the heating factor comprises the steps of mul- 
tiplying the square of the output current by a second 
constant indicative of the measured impedance at 
the return electrode. $ 

4. The method of claim 3, wherein the second con- 
stant is representative of the adherence of the re- 
turn electrode to the patient. 

10 

5. The method of claim 1, wherein the step of calcu- 
lating the heating factor further comprises the steps 
of measuring the output current to obtain a first val- 
ue and squaring the first value to obtain a squared 
current value. 

6. The method of claim 5, wherein the step of calcu- 
lating the heating factor further comprises the steps 
of calculating the on time of the output current to 
obtain an on time value and multiplying the on time 20 
value by the squared current value to obtain a sec- 
ond value. 

7. The method of claim 6, wherein the step of calcu- 
lating the heating factor further comprises the step 25 
of measuring the impedance at the return electrode 
and multiplying the impedance value by the second 
value. 

8. The method of claim 1 , further comprising the step 30 
of generating an alarm if the difference value ex- 
ceeds the threshold value. 

9. The method of claim 1 , wherein the step of adjusting 
the power includes the step of shutting off the power 35 
if the difference value exceeds a predetermined val- 
ue and lowering the power if the difference value is 
below the predetermined value. 

10. The method of claim 9, further comprising the step *o 
of generating an alarm if the difference value ex- 
ceeds the threshold value. 

1 1 . A method for determining the probability of a patient 
burn in a monopolar electrosurgical system com- 45 
prising: 

calculating a heating factor adjacent the return 
electrode utilizing a first algorithm 
calculating a cooling factor adjacent the return so 
electrode utilizing a second algorithm; 
subtracting the calculated cooling factor from 
the calculated heating factor to obtain a differ- 
ence value; 

comparing the second value to a threshold val- ss 
ue; and 

generating a warning signal if the difference 
value exceeds the threshold value. 



12. The method of claim 11, wherein the step of calcu- 
lating the heating factor includes the step of multi- 
plying a current value by a constant indicative of the 
measured impedance at the return electrode. 

13. The method of claim 12, wherein the current value 
is obtained by squaring the measured output cur- 
rent. 

14. The method of claim 11 , wherein the first algorithm 
includes multiplying a current value by the on time 
of the output current. 

15. The method of claim 14, wherein the first algorithm 
includes multiplying the off time of the output cu rrent 
by a constant indicative of the ability of the body to 
remove heat 

16. An electrosurgical generator for use in a monopolar 
electrosurgical system having an electrosurgical 
tool for treating tissue, a return electrode, and an 
impedance sensor in electrical communication with 
the return electrode to measure impedance of the 
return electrode, the electrosurgical generator com- 
prising: 

a current sensor for measuring the output cur- 
rent delivered by the generator; 
a microprocessor electrically connected to the 
current sensor and the impedance sensor for 
calculating the heating factor and cooling factor 
under the return electrode, the calculation of 
the heating factor being based at least in part 
on the measured output current; and 
a controller electrically connected to the micro- 
processor for adjusting the power supply of the 
generator in response to the relationship of the 
calculated heating and cooling factors. 

17. The generator of claim 16, wherein the microproc- 
essor includes a first algorithm for calculating the 
heating factor and a second algorithm for calculat- 
ing the cooling factor. 

18. The generator of claim 17, wherein the first algo- 
rithm is defined as 

K c ' 2 ton 

wherein K c is the constant representative of 
the measured impedance in Ohms of the return 
electrode, I 2 is the square of the output current in 
milliampsandt on is the time in seconds that the out- 
put current is delivered. 

19. The generator of claim 18, wherein the second al- 
gorithm is defined as 
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K h t 0 « 

wherein K h is the constant representative of the 
time it takes for the body to cool down in degrees s 
per minute and t off is the time in seconds that the 
output current is not being delivered. 

20. The generator of claim 18, wherein the measured 
impedance is indicative of the degree of adherence 10 
to the patient of the return electrode. 

21. The electrosurgical generator of claim 16, wherein 
the microprocessor includes an algorithm for sub- 
tracting the cooling factor from the heating factor to 1B 
calculate a difference value, and the generator fur- 
ther comprises a comparator electrically connected 

to the microprocessor for comparing the difference 
value to a threshold value, the comparator being 
electrically connected to the controller to generate 20 
a first signal indicative of the relationship of the dif- 
ference value and the predetermined value. 



22. The electrosurgical generator of claim 21, further 
comprising an alarm electrically connected to the 25 
comparatorfor generating a warning signal if the dif- 
ference value exceeds the threshold value by a pre- 
determined amount. 



23. The electrosurgical generator of claim 22, wherein 30 
the controller generates a shut off signal to termi- 
nate power if the difference value exceeds a prede- 
termined value, the predetermined value being 
greater than the threshold value. 

35 

24. The electrosurgical generator of claim 23, wherein 
the controller generates a second signal to reduce 
the power if the difference value exceeds the 
threshold value but does not exceed the predeter- 
mined value. 40 



45 



50 



55 



8 



<E P ■ 1051949A1 I > " ' 



EP 1 051 949 A1 




EP 1 051 949 A1 




10 

SID: <E P » • 1051949A1 I > 



EP 1 051 949 A1 



CALCULATE ON TIME 
OF OUTPUT RF CURRENT 



MEASURE OUTPUT 
RF CURRENT 
(I) 



CALCULATE OFF TIME 
OF OUTPUT RF CURRENT 

(t 0 ff) 



I 



SQUARE CURRENT 
(I') 



MEASURE IMPEDANCE 
AT RETURN ELECTRODE 



I 



I 



MULTIPLY BY CALCULATED 
TIME ON 

<I 2 W 



CALCULATE RETURN ELECTRODE 
ADHERENCE CONSTANT 







MULTIPLY BY 
COOLING CONSTANT 



^ MULTIPLY BY RETURN ELECTRODE 
* ADHERENCE CONSTANT (Krf 



CALCULATE 
HEATING FACTOR 

AS Khfton 



i 



CALCULATE 
HEATING FACTOR 

AS Khfton 



i 



SUBTRACT COOLING FACTOR FROM HEATING 
FACTOR TO DETERMINE PROBABILITY OF PATIENT BURN (PPB) 



SOUND ALARM AND 
REDUCE RF OUTPUT 
CURRENT 



SHUT 




OFF 


Y^ 


RF 




OUTPUT 





T 



N 



DOES PPB EXCEED A 
SECOND THRESHOLD ? 



1 


r 


i DOES PPB EXCEED A 
FIRST THRESHOLD ? 




Y 


N 



MAINTAIN RF 
OUTPUT CURRENT 



11 



EP 1 051 949 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 0131 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
ol relevant passages 



0E 197 17 411 A (AESCULAP AG 4 CO KG) 
5 November 1998 ( 1998-1 1-05) 



W0 95 09577 A (VALLEYLAB INC) 
13 April 1995 (1995-04-13) 

US 5 766 165 A (SEVILLA ERNESTO G 
16 June 1998 (1998-06-16) 



ET AL) 



Relevant 
to claim 



The present search report has been drawn up for all claims 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



A61B18/12 



TECHNICAL FIELDS 
SEARCHED (IntCLT) 



A61B 



Placo of saaroh 

THE HAGUE 



taterf completion of the search 

8 August 2000 



Papone, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant If combine d with another 

document of the same category 
A : techno! ogica! background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L ; document cited for other reasons 



& : member of the same patent famly. corresponding 
document 



12 



ID: *EP 1051949A1_L> 



EP 1 051 949 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 00 11 0131 



This annex lists the patent lamily members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

08-08-2000 



Patent document 




Publication 




Patent lamrty 


Publication 


cited in search report 




date 




membor(s) 


date 


DE 19717411 


A 


05-11-1998 


NONE 






W0 9509577 


A 


13-04-1995 


AU 


7507294 A 


01-05-1995 








DE 


9490465 U 


20-06-1996 








EP 


0722297 A 


24-07-1996 








FI 


961530 A 


04-04-1996 








JP 


2739717 B 


15-04-1998 








JP 


8510946 T 


19-11-1996 


US 5766165 


A 


16-06-1998 


NONE 







Hi 



5 For more details about this annex ; see Official Journal o. the European Patent Office, No. 12/82 



13 



This Page Blank (uspto) 



